Background: Sexually transmitted diseases (STDs) are a major health problem affecting mostly young people, not only in developing, but also in developed countries. We conducted this systematic review to determine awareness and knowledge of school-going male and female adolescents in Europe of STDs and if possible, how they perceive their own risk of contracting an STD. Results of this review can help point out areas where STD risk communication for adolescents needs to be improved.
Background
Sexually transmitted diseases (STDs) are a major health problem affecting mostly young people, not only in developing, but also in developed countries.
Over the period 1985-1996, a general decrease of gonorrhoea, syphilis and chlamydia infections was noted in developed countries, both in the general population and among adolescents [1] . From the mid-1990s however, increases in the diagnoses of sexually transmitted diseases, in particular syphilis, gonorrhoea and chlamydia have been reported in several European countries, especially among teenagers 16-19 years old [2] [3] [4] [5] [6] [7] .
The problem with most STDs is that they can occur symptom-free and can thus be passed on unaware during unprotected sexual intercourse. On an individual level, complications can include pelvic inflammatory diseases and possibly lead to ectopic pregnancies and infertility [8] [9] [10] [11] . Female adolescents are likely to have a higher risk of contracting an STD than their male counterparts as their partners are generally older and hence more likely to be infected [2, 12] .
The declining age of first sexual intercourse has been proffered as one possible explanation for the increase in numbers of STDs [7] . According to data from different European countries, the average age of first sexual intercourse has decreased over the last three decades, with increasing proportions of adolescents reporting sexual activity before the age of 16 years [13] [14] [15] [16] [17] [18] . An early onset of sexual activity not only increases the probability of having various sexual partners, it also increases the chances of contracting a sexually transmitted infection [19] . The risk is higher for female adolescents as their cervical anatomic development is incomplete and especially vulnerable to infection by certain sexually transmitted pathogens [20] [21] [22] [23] .
The reluctance of adolescents to use condoms is another possible explanation for the increase in STDs. Some surveys of adolescents have reported that condoms were found to be difficult to use for sexually inexperienced, detract from sensual pleasure and also embarrassing to suggest [24] [25] [26] . Condoms have also been reported to be used primarily as a protection against pregnancy, not STD, with their use becoming irregular when other contraceptives are used [15, 27] . Furthermore, many adolescents do not perceive themselves to be at risk of contracting an STD [27] .
We conducted this systematic review in order to determine awareness and knowledge of school-going adolescents in Europe of sexually transmitted diseases, not only concerning HIV/AIDS, but also other STDs such as chlamydia, gonorrhoea, syphilis and human papillomavirus (HPV). Where possible we will identify differences in awareness and knowledge by key demographic variables such as age and gender, and how awareness has changed over time.
Although knowledge and awareness have been reported to have a limited effect on changing attitudes and behaviour, [16, [28] [29] [30] they are important components of sex education which help promote informed, healthy choices [31] [32] [33] . As schooling in Europe is generally compulsory at least up to the age of 15 years [34] and sex education is part of the school curriculum in almost all European countries, school-going adolescents should be well informed on the health risks associated with sexual activity and on how to protect themselves and others. In view of the decreasing age of sexual debut and the reported increasing numbers of diagnosed STDs among young people, results of our review can help point out areas where STD risk communication for school-attending adolescents needs to be improved.
Methods

Search strategy
We performed literature searches in PubMed using various combinations of the search terms "STD", "HIV", "HPV", "chlamydia", "syphilis", "gonorrhoea", "herpes", "hepatitis B", "knowledge", "awareness", and "adolescents". The reference lists of selected publications were perused for further publications of interest. The search was done to include articles published from 01.01.1990 up to 31.12.2010. Inclusion and exclusion criteria were specified in advance and documented in a protocol (Additional File 1).
Inclusion criteria
Studies were selected if they reported on awareness and/or knowledge of one or more sexually transmitted disease(s) among school-attending adolescents in a European country, or in Europe as a whole, and were published in English or German.
Exclusion criteria
Case reports, reviews, editorials, letters to the editor, expert opinions, studies on sexual activity/behaviour only, studies evaluating intervention programmes and studies not specifically on school-attending adolescents were excluded.
Methodological assessment of reviewed studies
We used a modified version of the Critical Appraisal Form from the Stanford School of Medicine to assess the methodology of the studies included in the review [35] . The studies were classified according to whether or not they fulfilled given criteria such as 'Were the study outcomes to be measured clearly defined?', 'Was the study sample clearly defined?', or 'Is it clear how data were collected?' (Table 1) . No points were allocated. Instead, the following categorisations could be selected for each assessment statement: 'Yes', 'Substandard', 'No', 'Not Clear', 'Not Reported', 'Partially Reported', 'Not Applicable', 'Not Possible to Assess', 'Partly'. The assessment was done independently by two of the authors (FSZ, LS) who then discussed their findings.
Definition of awareness and knowledge
For the purpose of this review studies were said to have assessed awareness if participants were merely required to identify an STD from a given list or name an STD in response to an open question. Knowledge assessment was when further questions such as on modes of transmission and protection were posed.
Results
Overall, 465 titles and abstracts were obtained from the searches conducted. Three hundred and ninety-three articles were excluded as they did not report on studies conducted in Europe (Figure 1) . A further 47 were excluded as they did not focus on knowledge and awareness of adolescents. Of the 25 identified articles dealing with knowledge on STDs among adolescents in Europe, 8 were excluded as they either did not specifically address the question of knowledge and/or awareness, or focused more on sexual behaviour/beliefs. A further seven articles were excluded because the study population was not clearly stated to be school-attending.
A review of the references listed in the 10 articles meeting inclusion criteria yielded four additional relevant articles. One article reported on two studies, hence a total of 15 studies published from 1990-2000 were included in the systematic review.
Six of the articles were published before the year 2000 [36] [37] [38] [39] [40] [41] , and nine after 2000 [42] [43] [44] [45] [46] [47] [48] [49] . The studies report on surveys conducted from as early as 1986 to 2005 ( Table 2) .
The majority of the 15 studies specifically focused on HIV/AIDS only (7 studies) [36, 39, 41, 43, 44, 49] , four on STDs in general [37, 38, 40, 42] , one on STDs in general with focus on HPV [47] , and three on HPV only [45, 46, 48] . All the HPV studies were published after the approval and market introduction of the HPV vaccine in 2006.
Generally the studies were conducted in particular regions/towns in different countries, with only one being conducted across three towns in three different countries (Russia, Georgia and the Ukraine) [43] . Six of the studies were conducted in Sweden [37, 38, 40, 41, 46, 47] two in Russia [39, 43] and one each in Ireland, [36] England, [42] Croatia, [44] Finland, [45] Italy [48] and Germany [49] ( Table 2) .
In the studies, generally both male and female adolescents varying in age from 13-20 years were surveyed. One study surveyed females only [40] and adolescents 11-12 years old were included in only one study [49] ( Table 2 ). Whereas most of the studies included assessed awareness and knowledge among boys and girls separately, only one study [48] specifically assessed the association between age and awareness/knowledge.
Methodological summary of studies included in the review
All studies included in the review were cross-sectional in design. Apart from one study which recruited pupils by mailing the questionnaire to all households with adolescents in the 9 th grade, [45] pupils were recruited via schools. For 8 of the 15 studies it could not be deduced from the methods section how the participating schools were selected and in 4 studies it was not clear how the participating pupils were selected. The pupils completed questionnaires in school in 10 studies, and in two the questionnaires were completed at home [45, 48] . Was the data analysis sufficiently rigorous? 15
Were other factors accounted for that could affect outcomes? 2 
15
Were results appropriately reported? Face-to-face interviews were used only in the surveys by Andersson-Ellström et al. [40] and by Goodwin et al. [43] ( Table 2 ). The study outcomes were clearly defined in all studies and the topics on which questions were posed were clearly described in all but one study. The majority of the studies also reported the individual questions posed to assess the given outcomes. In six studies the authors did not mention whether the instruments used for data collection had been pre-tested, validated, or whether the questions posed had been used in previous surveys (Table 1) . Of the 9 studies which clearly reported participation rates, 7 had participation rates ranging from 79% to 100%. The remaining two studies had participation rates of 21.5% and 58% (Table 2) . Six STDs were focussed on in the studies included in the review, with awareness and knowledge being assessed in depth mainly for HIV/AIDS and HPV, [36, [41] [42] [43] [46] [47] [48] [49] and to some extent for chlamydia [37, 38, 42, 47] . For syphilis, gonorrhoea and herpes, only awareness was assessed in four studies [37, 38, 42, 47] .
Awareness and knowledge of HPV
The reported awareness of HPV among the surveyed adolescents was generally low (identification from given list), ranging from 5.4% in the study by Höglund et al. [47] to 66% in the study by Pelucchi et al. [48] . In the two studies which also reported results for females and males separately, awareness was observed to be statistically significantly higher among females than among males: 16.4% vs. 9.6% in the Swedish study by Gottvall et al. [46] and 71.6% vs. 51.2% in the Italian study by Pelucchi et al. [48] . In the study by Höglund et al., only one of the participating 459 adolescents mentioned HPV (in response to an open question on known STDs) [47] .
Awareness of the HPV vaccine was also very low, with 5.8% and 1.1% of adolescents surveyed in the studies by Gottvall et al. and Höglund et al. respectively, reporting being aware of the vaccine [46, 47] . Whereas only 2.9% and 9.2% of adolescents in these two Swedish studies were aware that HPV is sexually transmitted, the proportion was 60.6% in the Italian study [48] . A minority of adolescents knew that HPV is a risk factor for cervical cancer: 1.2% in the study by Höglund et al. [47] and 8.1% in the study by Gottvall et al. [46] . Among the adolescents who participated in the survey by Pelucchi et al., 48 .6% were aware that the aim of the HPV vaccine is to prevent cervical cancer [48] . Among female adolescents who participated in the study by Gottvall et al., 11.8% did not believe they would be infected with HPV [46] . The proportion was 55% among female participants in the study by Pelucchi et al. [48] . The latter study surveyed pupils aged 14-20 years but did not report on age differences in awareness.
Three studies reported on awareness of condylomata, genital warts which are caused by the human papilloma virus. Two of the studies reported awareness of 35% [38] and 43% [37] . The third study mentioned that awareness of condylomata was lower than that for chlamydia without stating the corresponding figures [40] .
Awareness and knowledge of HIV/AIDS
Knowledge and awareness was quite high in all studies reporting on HIV/AIDS, with more than 90% of adolescents being able to identify the disease as an STD from a given list or in response to the direct question "Have you ever heard of HIV/AIDS?" [36, 38, 42] . In one study where the open question "Which STDs do you know or have you heard of?" was used, 88% of respondents mentioned HIV/AIDS [47] (Table 3) .
In the studies where this was asked, a large majority of the adolescents knew that HIV is caused by a virus, [36, 41] is sexually transmitted, [36, 41, 43, 47, 49] and that sharing a needle with an infected person may lead to infection with the virus [36, 41, 43, 49] . Statistically significant age specific differences in knowledge on mode of HIV-transmission were reported in the study conducted in Germany [49] . Compared to 13 and 15 year old pupils, a higher proportion of 14 year old pupils correctly identified the level of risk of HIV-transmission associated with bleeding wounds, intravenous drug use and sexual Subjective rating of risk of contracting HPV 45% perceived at risk (Pelucchi et al.) [49] 11.8% do not believe will be infected (Gottvall et al.) [46] 26% perceived at risk (Pelucchi et al.) [49] 24.5% do not believe will be infected (Gottvall et al.) [46] 17.3% do not believe will be infected (Gottvall et al.)** [46] HIV
Heard of HIV (identification from list of STDs or direct question)
97.2% among year 9 and 100% among year 11 pupils (Garside et al.) [42] 97.0% among year 9 and 96.2% among year 11 pupils (Garside et al.) [42] 97.7% (Garside et al.) [ [37] contact. For the latter mode of transmission, the lowest proportion of correct answers was observed among 16 year old pupils. Generally the proportion of respondents correctly reporting that use of condoms helps protect against contraction of HIV was above 90%. The only exception was in the Russian study conducted by Lunin et al. in 1993 , in which only 42% of females and 60% of males were aware of this fact [39] . In the same study, only 15% of the adolescents perceived themselves 'not at risk' of contracting HIV (Table 3) .
Only one study reported asking the adolescents if one can tell by looking at someone if they have HIV, to which 47% responded affirmatively [43] .
Awareness and knowledge of chlamydia
The proportion of adolescents able to identify chlamydia as an STD from a list of diseases ranged from 34% in the study conducted in England by Garside et al. [42] to 96% in the Swedish study by Andersson-Ellström et al. [22] . In the Garside study, the proportion was higher 45 .5% among year 9 and 47.0% among year 11 pupils (Garside et al.) [42] 43.4% among year 9 and 45.3% among year 11 pupils (Garside et al.) [42] 45% (Garside et al.) [42] Gonorrhoea Heard of gonorrhoea (identification from list of STDs or direct question) 51.0% among year 9 and 53.0% among year 11 pupils (Garside et al.) [42] 52.4% among year 9 and 60.4% among year 11 pupils (Garside et al.) [42] 53% (Garside et al.) [42] ≥ 84% (Tyden et al.) [38] 98%, 1986 survey (AnderssonEllström et al.) [37] Heard of gonorrhoea (open question -which STDs do you know/have you heard of?) 50% (Höglund et al.) [47] Herpes Heard of herpes (identification from list of STDs or direct question) 52 .4% among year 9 and 75.8% among year 11 pupils (Garside et al.) [42] 53.6% among year 9 and 71.7% among year 11 pupils (Garside et al.) [42] 59.1% (Garside et 
STDs in general
Participants who knew that STDs in general can be symptom-free 53.8% among year 9 and 60.0% among year 11 pupils (Garside et al.) [42] 64.2% among year 9 and 60.4% among year 11 pupils (Garside et al.) [42] 59.7% (Garside et al.) [42] Participants who knew that use of condoms can protect against contraction of STDs in general 15%, 1986 survey (AnderssonEllström et al.) [ [37] 16%, 1986 survey (AnderssonEllström et al.) [37] 24%, 1988 survey (AnderssonEllström et al.) [37] 55% "low" perceived susceptibility (Woodhall et al.)* [45] Reported use of condoms Participants who reported using condoms at first sexual intercourse 50% (Tyden et al.) [38] 65% (Gottvall et al.) [46] 40% (Tyden et al.) [38] 65% (Gottvall et al.) [46] 45% (Tyden et al.) [38] 65% (Gottvall et al.) [46] 61% (Höglund et al.) [47] Participants who reported using condoms at last sexual intercourse 26% (Tyden et al.) [38] 38% (Tyden et al.) [38] 31% (Tyden et al.) [38] * combined figure given for HPV and chlamydia ** statistically significant differences in awareness/knowledge between boys and girls *** statistically significant differences in awareness/knowledge between year 9 and year 11 pupils # Publication in German among year 9 than among year 11 pupils (p < 0.05). In another Swedish study by Höglund et al. 86% of the surveyed adolescents mentioned chlamydia as one of the STDs known to them in response to an open question [47] . In the two studies which reported on awareness among boys and girls separately, girls were observed to have higher awareness proportions than boys [38, 42] . While the observation was not statistically significant in one of the studies, [27] this was not reported on in the other study [38] . Not many adolescents knew that chlamydia can be symptom-free: 40% and 56% in the 1986 and 1988 surveys by Andersson-Ellström et al. [37] and 46% in the study by Höglund et al. [47] . In one Swedish study where the level of knowledge in the same study population was assessed at age 16 and 18, a statistically significant increase in knowledge was observed over time [40] . Only the Finish study reported on the subjective rating of risk of contracting chlamydia. 55% of the adolescents surveyed reported 'low perceived susceptibility' [45] (Table 3) .
Awareness and knowledge of gonorrhoea
Gonorrhoea was identified as an STD from a given list by 84% of adolescents in the survey by Tyden et al., [38] by 98% in the survey by Andersson-Ellström et al., [37] and by 53% in the survey by Garside et al. [42] . In the latter, the difference between year 9 and year 11 pupils was more pronounced among boys: 53% among year 9 and 60% among year 11 (p > 0.05). A statistically significant increase in knowledge over time was observed in a group of girls surveyed at age 16 and 18 [40] . Only 50% of the adolescents surveyed in the study by Höglund et al. mentioned gonorrhoea in response to an open question on known STDs [47] (Table 3) .
Awareness of syphilis and herpes
Awareness of syphilis was surveyed only in the study conducted in England where 45% of the participating adolescents correctly identified the disease from a given list as an STD. The proportion was slightly higher among year 11 compared to year 9 pupils and awareness was slightly higher among girls than among boys (p > 0.05) [42] (Table 3) .
In the Tyden et al. study, [38] 56% of the surveyed adolescents identified herpes as an STD from a given list. The proportion was 90% in the survey by Andersson-Ellström et al. [37] and 59% in the Garside et al. study [42] . In the latter, considerable differences were observed between year 9 and year 11 pupils (p < 0.05), but not between girls and boys in the same school year. Herpes was mentioned as an STD by 64% of the adolescents surveyed in the study by Höglund et al. [47] ( Table 3) .
Awareness of STDs in general
Five of the studies reviewed assessed the knowledge of participating adolescents on STDs in general. In the England study, all in all 59.7% of the participants knew that STDs in general can be symptom-free [42] . Among girls, knowledge was higher among year 11 than year 9 pupils, while the opposite was true for boys. The proportion of boys in year 9 who knew this fact (64.2%) was considerably higher than that of year 9 girls (53.8%) ( Table 3) . In two Swedish studies by Tyden et al. and by Andersson-Ellström et al., all surveyed adolescents knew that the use of condoms can protect against the contraction of STDs in general [38, 40] . In an earlier study by Andersson-Ellström et al., 20% of sexually active pupils surveyed in 1986 were aware that condoms protect against infection. The figure significantly went up to 43% in 1988, with boys having significantly higher awareness than girls in both years [22] (Table 3 ). In the same study, the proportion of girls who felt themselves to be at risk of contracting an STD in general went down from 32% in the 1986 survey to 24% in the 1988 survey. Among boys, the proportion increased from 16% in 1986 to 24% in 1988. These changes were not statistically significant [37] . In the Finish study, 55% of the surveyed adolescents perceived themselves to be at low risk of contracting an STD [45] .
Reported use of condoms
Use of condoms by sexually active participants was assessed in three studies, all conducted in Sweden [38, 46, 47] . Reported use at sexual debut was lowest in the study published in 1991 (31%), [38] and higher in the other studies both published in 2009: 61% [47] and 65% [46] respectively (Table 3 ). In the earlier study, the proportion of girls reporting condom use was, at 50%, considerably higher than that of boys (40%) [38] . In the study by Gottvall et al., no difference in condom use was observed between girls and boys [46] . Condom use at recent coitus was reported on only in the earlier study [38] . It was observed that the decrease in the proportion of girls reporting using condoms was more pronounced than that of boys (26% vs. 40%) ( Table 3) .
Discussion
The highest awareness and knowledge were reported for HIV/AIDS. This is certainly linked to the fact that since the mid 1980s, extensive awareness campaigns on this topic have been conducted globally. The lowest proportions were reported for HPV, with awareness as low as 5.4% in one study [47] . With only about 1 in 8 respondents knowing that HPV is an STD, awareness was still very low in one of the two studies conducted after the introduction of the HPV vaccine [46] . A higher awareness (66.6% of respondents aware), measured in a different population, was observed in the second recent study on HPV [48] .
Two factors appeared to have influenced awareness. The first was of a methodological nature and related to the fact whether an open or closed question was posed. Of the studies included in the review which assessed awareness, all but one used closed-form questions only. The adolescents either had to identify sexually transmitted diseases from a given list of diseases, or the question was in a yes/no format. Initially, Höglund et al. asked participating adolescents to list all STDs known to them and then later on, if they had ever heard of HPV. Only one participant (0.2%) mentioned HPV as one of the STDs known to them, but later, 24 (5.4%) reported to have heard of HPV [47] . In comparison to open-form questions, closed questions are not only more practical and easier to respond to, but also easier to code and analyse. One of the arguments raised against closed questions, especially where a list of possible answers is given, is the risk of guesswork. It can not be ruled out that some participants, unable to answer the question, will select answers at random [50, 51] . In the study by Garside et al. for example, among year 9 pupils, 14.5% incorrectly identified plasmodium, and 20.6% filariasis from a given list as STDs [42] . Open questions have been recommended for surveying participants with unknown or varying knowledge/awareness [50] as these questions provide a more valid picture of the state of knowledge [51] .
To a lesser extent, gender also appears to have influenced knowledge and awareness, especially for HPV [46, 48] . Significant gender differences were observed, with females having better awareness and knowledge than males. Although the data are limited as not all studies reported results separately for males and females, these findings, could be reflective of the way awareness campaigns, for example on HPV, have been targeted more at females than at males.
The studies on HIV included in our review generally reported high awareness of the protective effect of condoms among adolescents [36, 41, 43, 47, 49] . One study included in the review however observed that adolescents seem to regard condoms primarily as a method of contraception and not as a means of protection against sexually transmitted diseases (40). In this study, 19 out of 20 female adolescents who reported more than 4 sexual partners at the age of 18 reported intercourse without a condom in relationships of less than 6 months' duration. The majority of them were, however, convinced that they had neither acquired (96%) nor transmitted (93%) an STD at last unprotected intercourse [40] . Other studies also indicate that consistent condom use is generally low among adolescents [27, [52] [53] [54] [55] .
Where reported, participation rates were generally high, probably due to the fact that the adolescents were recruited in schools. In some instances however, the number of participants was low even though the participation rate was reported as high. In the study by Tyden et al. for example, the study sample consisted of 213 pupils, 12% of the 1830 students in the first form of upper secondary school in Uppsala [38] . The authors base the participation rate of their study (98%) on the 12%, without explaining how it came about that only 213 pupils were considered for participation. The one study which recruited participants per post had a very low participation rate of 21.5% [45] . Nevertheless, the study had more participants than others with comparatively higher participation rates. Bias related to selective participation is an issue that needs to be considered on a study by study basis, and reporting on response proportions should be considered essential for all studies.
Study strengths and limitations
To our knowledge no systematic reviews of published literature on knowledge and awareness of sexually transmitted diseases among school-attending adolescents in Europe have been conducted to date. The current review confirms that there are considerable gaps in knowledge and awareness on major STDs in European adolescents. Our results underline the importance of the objectives set for adolescents' sexual and reproductive health in Europe, the first of which foresees that adolescents be informed and educated on all aspects of sexuality and reproduction [31] .
We could not identify many studies on knowledge and awareness of sexually transmitted diseases among schoolattending adolescents in Europe. This could be due to the fact that knowledge has been shown to have little impact on behaviour change, and prevention interventions have generally moved away from a focus on knowledge and awareness as key mediators. Another possible reason is that schools are not always willing to participate in such studies due to competing demands of other school activities or because of the subject content [16, [28] [29] [30] .
One limitation of our review is that the 15 studies included did not all focus on the same sexually transmitted diseases. The four studies conducted in Eastern Europe were all on HIV/AIDS knowledge and awareness only, whereas Western European studies were on STDs in general or on HPV. Furthermore, the formulation of the questions used to assess awareness and knowledge varied between studies, making it difficult to directly compare the findings of individual studies. Another potential limiting factor is the age variation of participants in the studies included in the review, especially as all but one study did not clearly investigate the association between age and awareness or knowledge. Due to the afore-mentioned factors and the small number of studies available, it was not possible to perform a meta-analysis of the study findings.
The representativeness of study participants in some studies could not be assessed as it was not mentioned how the schools were selected [37, [40] [41] [42] [43] [44] 49] . Different socioeconomic environments of individual schools are likely to affect results, but there is currently not sufficient information to assess this.
The school setting offers an effective way to access adolescent populations universally, comprehensively and uniformly [56] . It plays an important role for sex education, especially for those adolescents with no other information sources. Furthermore, some parents are not comfortable discussing sexual issues with their children. It therefore comes as no surprise that many young people cite the school as an important source of information about sexually transmitted diseases [26, 27] . Although sex education is part of the school curriculum in many European countries, there are differences in the issues focused on. In some countries sex education is integrated in life skills approach, whilst biological issues are predominant in others and at times the focus is on HIV/AIDS prevention [57] . Generally it seems that education schedules offer a range of opportunities to raise knowledge and awareness of STD among adolescents.
Conclusion
In general, the studies reported similar low levels of knowledge and awareness of sexually transmitted diseases, with the exception of HIV/AIDS. Although, as shown by some of the findings on condom use, knowledge does not always translate into behaviour change, adolescents' sex education is important for STD prevention, and the school setting plays an important role. Beyond HIV/AIDS, attention should be paid to infections such as chlamydia, gonorrhoea and syphilis.
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